Chromosome preparation from gill tissue of the tropical oyster (Crassostera belcheri Sowerby, 1871) collected from an oyster farm in Kantang District, Trang Province, southern Thailand was studied by conventional staining and Ag-NOR baining techniques. The result revealed that the diploid chromosome number is 2n=20 and the fundamental number (NF) is 40. The karyotype has revealed 10 large metacentric and 10 medium metacentric chromosomes. One pair of nucleolar organizer regions (NORs) was apparent on the short arm telomeric region of chromosome pair 10. Basic information on the cytogenetics of the C. belcheri may be useful for future studies on interspecific hybridization and polyploidy. The karyotype formula of C. belcheri is as follows: 
Oysters are marine bivalve mollusks inhabiting nearshore areas, shallow waters, bays, mangroves and estuaries. They have been widely distributed throughout the tropical and subtropical regions (Hedgecock 1995) . Nine species of oysters belonging to the family Ostreidae were found in Thai waters (Yoosukh and Duangdee 1999) . Three species of oyster in Thailand are cultured commercially as Crassostrea belcheri, C. iredalei and Saccostrea cucullata Thavornyutikarn 1995, Klinbunga et al. 2005) .
The tropical oyster (Crassostrea belcheri Sowerby, 1871) is one of the most important commercial bivalves in Thailand. The culture of this oyster has been practiced for several decades along the coast of Thailand. The commom name for this oyster in Thai is Hoy Ta krom Kram Khao because the color of its adductor muscle scars is white ( Fig. 1) (Visootiviseth et al. 1998) . This oyster inhabits mangroves and estuaries in southern Thailand, both the Gulf of Thailand and the Andaman Sea, and Surathanee, Songkhla, Pangnga and Ranong provinces (Klinbunga et al. 2005) . This species has high market demand in comparision with other oyster species (Suzana et al. 2011) .
The morphological classification of oysters is difficult, which is attributable to the oyster shell typically acting as the substrate for attachment of plastic. The plastic affects the shell s characteristic development (Lam and Morton 2003) and leads to the loss of morphological information (Wang et al. 2004) . Recently, cytogenetic studies concerning the number, size, and characteristics of chromosomes and gross morphology of the oyster have been conducted for taxonomic identification (Leitao et al. 1999b) . The karyotype information is clearly useful for genetics research in Mytilus edulis aquaculture (Moynihan and Mahon 1983) , taxonomic relationships in Ostrea angasi (Li and Havenhand 1997) and distribution of mangrove oysters (Lapegue et al. 2002) . The chromosomal characteristics of oysters recorded in the family Ostreidae are a common diploid number (2n=20), which is a low haploid number, small size, and similarity in size and arm ratio of the chromosome (Wang et al. 2004) . The karyotype formulas of the oysters in this family mainly consisted of metacentric and submetacentric chromosomes (Table 1) .
Several banding techniques have been successfully studied in family Ostreidae, for example, C-banding (Li and Havenhand 1997 , Cross et al. 2005 , Bouilly et al. 2008 , Pereira et al. 2011 , G-banding (Leitao et al. 1999b) , fluorochome (Cross et al. 2005) , fluorescent in situ hybridization (FISH) (Xu et al. 2001 , Cross et al. 2003 , Wang et al. 2004 , Bouilly et al. 2008 , Pereira et al. 2011 and Ag-NOR chromosome staining (Li and Havenhand 1997 , Cross et al. 2003 . The nucleolar organizer regions (NORs) on the chromosome are the chromosomal marker. NORs consist of DNA, RNA and proteins that are located on the chromosome. Silver nitrate staining technique (Ag-NOR) is typically used to visualize NORs on the chromosome (Cross et al. 2003) . NORs have been used for inferring phylogenetic relationships (Amemiya and Gold 1990) . Differences in number, size and location of NORs on the chromosome can be used as the chromosome marker for polymorphisms (Cross et al. 2005) . Chromosomal location of NORs in most Ostreidae was terminal on the short or long chromosome arm (Thiriot-Quiévreux 2002) . In this the study, we examined the chromosome number, size, and characteristics of and conducted the first study of NOR location on C. belcheri in Thailand by the conventional staining and Ag-NOR banding techniques. Our findings will benefit the taxonomy and evolutionary relationships in cytogenetics for this species.
Materials and methods

Sample collection
Ten specimens of mature C. belcheri oysters were collected from Kantang District, Trang Province, southern Thailand. The collected oysters were cleaned and placed in a styrofoam box. The samples were then taken to the Cytogenetic Laboratory, Department of Biology, Faculty of Science, Khon Kaen University. Remarks: 2n=diploid chromosome number, NF=fundamental number, m= metacentric, sm=submetacentric, st =subtelocentric, NORs= nucleolar organizer regions and = not available.
Chromosome preparation
The oysters (ca. 8-10 cm in shell length) were exposed to 0.1% colchicine solution for 12 h. The oyster meat was removed from the shell and the gills were cut off. The gill tissue was prepared by cutting into small pieces and minced gently before being transferred into a centrifuge tube containing 8 mL of 0.075% KCl hypotonic solution (Kasiroek et al. 2017) . The samples were treated in the solution for 30-40 min prior to centrifuging at 1500 rpm for 8 min. The supernatant was siphoned out and the remaining sediment gill tissue was fixed in 8 mL of a freshly prepared solution (methanol : acetic acid; ratio 3 : 1). The sample was then taken to a centrifuge three to four times until the sediment cell was cleared. The sediment cell was dropped on a clean and warm slide and air-dried (Wang et al. 2004 , Khrueanet et al. 2013 
Chromosome staining
The chromosome staining was performed by conventional staining technique by soaking in 15% Giemsa s solution in phosphate buffer pH 6.8 for 15 min (Leitao et al. 1999a ). The sample slide was gently rinsed with fresh water, and the chromosome was counted individually under a compound microscope (Olympus, CH30, Japan). Complete 20 metaphase plates were selected to perform karyotype analysis.
The Ag-NOR banding was performed by adding two drops of gelatin and four drops of 50% silver nitrate solution on a slide sample prior to closing by a cover glass and drying at 60 C in a hot-air oven for 5 min. The slide was rinsed by distilled water until the cover glass fell off (Howell and Black 1980, Sangpakdee et al. 2017) .
Chromosome checks
A complete metaphase plate chromosome was counted and photographed under a compound microscope (Olympus, CH30, Japan). The length of short (Ls) and long arms (Ll) on the chromosome were measured by using the Adobe Photoshop software. Those values were used to calculate the length of total arm chromosome (LT) (LT=Ls+Ll). The relative length (RL) and centrometric index (CI) were estimated by the method according to Chaiyasut (1989) . CI=(q/p+q) of 0.50-0.59, 0.60-0.69, 0.70-0.89 and 0.90-0.99 are described as metacentric, submetacentric, acrocentric and telocentric chromosomes, respectively. All values were used for karyotype and idiogram.
Results and discussion
Twenty well-characterized metaphase chromosomes from the gill tissue of each C. belcheri were analyzed for karyotype, and chromosomes were classified by averaged data on the chromosome size and centrometric position (Cross et al. 2003) . Our study showed a diploid chromosome number of 2n=20 (Fig. 2) . This is a common characteristic karyotype of oysters in the family Ostreidae (Thiriot-Quiévreux 2002). The result of C.belcheri with 2n=20 corresponds with many species of oysters in the family Ostreidae. Ten pairs of meta- centric chromosome set in this species were reported by Koedprang and Wattanakul (1996) (Fig. 3A) , similar to other species in the family Ostreidae. The fundamental number (NF, number of chromosome arms) of chromosomes in this species equaled 40. The characteristic karyotype consisted of 20 large and 20 medium metacentric chromosomes (Table 2 ). Most karyotypes in the family Ostreidae consist of metacentric and submetacentric chromosomes (Pereira et al. 2011) . Different numbers and positions of metacentric and submetacentric chromosome pairs in the karyotype have been reported by several authors. However, only metacentric karyotypes in C. belcheri were observed in the present study. This may have resulted from different geographies and technical use, as well as the concentration and duration of colchicine exposure (Li and Havenhand 1997 , Leitao et al. 1999a , Thiriot-Quiévreux 2002 and pericentric inversions or centrometric shifts (Ahmed 1973 ) which lead to intraspecific polymorphism. The NOR banding was shown during the late interphase by silver nitrate staining; the silver binds to a complex of acidic protein associated with the nucleolus and nascent pre-RNA (Cross et al. 2005) , and the locations of NORs consisting of more non-histone proteins than other regions are indicated by dark bands as the silver turns dark due to the protein (Khrueanet et al. 2013) . Our finding revealed that only one position of NORs was located on the short arm telomeric region of chromosome pair 10 (Fig. 3B) , which is similar to other oyster species in the family Ostreidae including C. angulate (Cross et al. 2003) and C. gigas (Leitao et al. 1999a , Thiriot-Quiévreux 2002 . The NOR position on the terminals of the short or long arm chromosome has been reported, and metacentric or submetacentric chromosomes dominated in most bivalves (Thiriot-Quiévreux 2002) . The oyster in the family Ostreidae can be found with 1-3 chromosome pairs with Ag-NOR positions. These chromosomal NORs can express phylogenetic relationships. A single position of NORs may have a plesiomorphic characteristic (Amemiya and Gold 1990) . 
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In Ostreidae, such as C. gigas, C. rhizophorae, C. gasar and C. belcheri in this study, one position of NORs was found; these are more primitive than other oyster species (Thiriot-Quiévreux and Insua 1992). The karyotype, number and NOR location of C. belcheri in this study was similar to those of C. angulate and C. gigas, indicating that they are more phylogenetically close than other Ostreidae species (Leitao et al. 1999a) . Furthermore, chromosomal NORs revealed the evolution relationship among species, within species and even between individuals, as have been reported by Leitao and Chaves (2008) . In addition, the structure, number and morphology of NORs may be specific to a population, species or subspecies. Variations of the number and NOR location have been reported among the oyster species (Thiriot-Quiévreux and Insua 1992) . NOR location corresponded with ribosomal gene location, which can identify in situ hybridization. However, Ag-NOR banding cannot reveal rDNA genes in cthe hromosome (Cross et al. 2005) . In addition, NORs have been indicated by the cell metabolic activity. They can clarify the physiology of the organism. NOR activity in larvae stages higher than in juveniles has been repored in mussels (MartinezExposito et al. 1994) . However, variations in number of NORs by Ag-NOR staining techniques occur because transcriptional activities of rDNA are structural changes, such as chromosome duplications, deletions, investion, fission, fusion, aneuploidy or translocations of the rDNA gene (Cross et al. 2003 , Wang et al. 2004 .
The chromosome lengths of 20 cells in mitotic metaphase were measured in this study. The mean short arm length (Ls), long arm length (Ll), total arm length (LT), relative length (RL), centrimetric index (CI), size, and type of chromosome from several species of oyster are shown in Table 2 . The idiogram of the C. belcheri from Ag-NOR banding is shown in Fig. 4 
